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Abstract of JP11238703 

PROBLEM TO BE SOLVED: To improve degree 
of freedom in a wiring design by preventing the 
occurrence of erosion of erosion when an embedded 
wiring is formed. SOLUTION: An interlayer 
insulating film 12 is formed on a silicon substrate 1 1 
and then trenches 14-1 to 14-n are made on the 
interlayer insulating film 12. Then, a barrier layer 15 
is deposited throughout the region on the side 
surfaces of the trenches 14-1 to 14-n, and a copper 
seed layer 16 is formed over the entire surface of the 
barrier layer 15. Then, jet plating is performed by 
using the copper seed layer 16 as electrode to embed 
the inside of the trenches 14-1 to 14-n as well as to 
deposit on the interlayer insulating film 12 a copper- 
plated layer 37b raised in the region of the trenches 
14-1 to 14-n and the peripheral region thereof. Then, 
the surface of the copper-plated layer 37b is 
polished by a chemical mechanical method, until the 
interlayer insulating film 12 is exposed to form a 
buried wiring 38. 
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Description of corresponding document: US6245676 



BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to a method of manufacturing a semiconductor device, and more specifica] 
to a method of manufacturing a semiconductor device in which flatness of the surface of an insulating fi 
in a buried wiring formation area is ensured. 

2. Description of the Related Art 

In recent years, as semiconductor integrated circuits are made finer and are highly integrated, multilayer 
of wirings has been promoted. Under such circumstances, when a lower layer wiring is formed on a 
substrate interlayer insulating film formed on a semiconductor substrate and when an interlayer insulatii 
film is deposited while covering the lower layer wiring, the surface of the interlayer insulating film fonr 
on the lower layer wiring while covering the same is prevented from being flattened owing to a step 
between the ground interlayer insulating film and the lower layer wiring. Such unevenness of the interla 
insulating film formed on the lower layer wiring while covering the same prevents an upper layer wiring 
from being formed with high yield when the upper layer wiring is further formed on the interlayer 
insulating film. Accordingly, ensurance of flatness of the surface of the interlayer insulating film is 
important. For this, a buried wiring is formed in the interlayer insulating film to flatten the surface of the 
interlayer insulating film. 

In the following, there will be described a method of forming a buried wiring with reference to FIGS. 9 
and 10. 

Firstly, as illustrated in FIG. 9(a), an interlayer insulating film 12 comprising a silicon oxide film is forn 
on a silicon substrate 1 1 , over the entire area on which film a photoresist 1 3 is in turn applied to form a 
resist pattern corresponding to a configuration of wirings to be formed using a photolithography process 
which pattern is used as a mask to form in the interlayer insulating film 12 trenches 14-1, 14-2, 14-3, . . 
14-n with about 0.5 .mu.m depth, 0.3 to 10 .mu.m width, and about 0.5 .mu.m interval. 

Thereafter, as illustrated in FIG. 9(b), the photoresist 13 is removed, and a tantalum (Ta) barrier layer \i 
deposited on side surfaces and on a bottom surface in the trenches 14-1 to 14-n and over the entire area • 
the interlayer insulating film 12, and further a copper seed layer 16 is formed over the entire area on the 
barrier layer 15. The deposition of the barrier layer 15 and the formation of the copper seed layer 16 are 
achieved respectively with a CVD method, a sputtering method, and the like, all well known. The barrie 
layer 15 is provided to prevent copper from diffusing into the silicon oxide film to produce a leakage 
current between the wirings or along a junction part in the silicon substrate. 

As illustrated in FIG. 1(c), with a fountain plating method where the copper seed layer 16 is used as an 
electrode a copper plating layer 17 is deposited, which buries the trenches 14-1 to 14-n and has a 
substantially flat surface over a wide area on the interlayer insulating film 12. 

As illustrated in FIG. 10, with chemical and mechanical polishing (CMP) the entire surface of the silico 
substrate 1 1 on which the copper plated layer 17 is formed is polished until the interlayer insulating filrr 
12 is exposed, to leave the copper plated layer 17 only in the trenches 14-1 to 14-n and hence form a bui 
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wiring 18. 

Referring now to FIG. 1 1, there will be described the fountain plating method in the process illustrated i 
FIG. 9(c). FIG. 1 1 is a schematical view exemplarily illustrating a fountain plating apparatus. 

The fountain plating apparatus 21 includes as illustrated in the same figure a substantially cylindrical 
plating tank 23 for temporarily storing a plating solution 22 in which copper ion (Cu@2 +) is dissolved, 
cylindrical fountain cup 24 contained in the plating tank 23, a disk-shaped fixing plate 25 comprising an 
insulating material horizontally disposed slightly above the fountain cup 24, a plating solution fountaini: 
fountain pipe 26 opened from a bottom surface of the fountain cap 24 upward at the center of the same, 
and a discharge pipe 27 for the plating solution 22 opened into the tank from a bottom surface of the 
plating tank 23. A pump and a plating solution tank are provided (not shown) outside the plating tank 21 
and the plating solution 22 is introduced with use of the pump into the fountain cup 24 from the plating 
solution through the fountain pipe 26 and is returned from the plating tank 23 into the plating solution \z 
The silicon substrate 1 1 is fixed to a lower surface 25a of a fixing plate 25 on which the copper plated 
layer 17 is to be deposited. 

For forming the copper plated layer 17 on the silicon substrate 1 1 using the fountain plating apparatus 2 
the silicon substrate 1 1 is first fixed to the lower surface 25a of the fixing plate 25, and then the fixing 
plate 25 to which the silicon substrate 1 1 is fixed is disposed horizontally at a predetermined position 
slightly above the plating solution 22, actuating the pump (not shown) to fountain the plating solution 2\ 
from the fountain pipe 26. In this state, there is applied predetermined voltage where a fountain cup 24 < 
is set to be positive (+) and a silicon substrate 1 1 (copper seed layer 16) side is set to be negative (-) to 
conduct a current, and then a liquid level of the plating solution 22 is raised to fountain the plating solut 
22 onto the surface of the silicon substrate 1 1 as indicated by an arrow whereby the copper plated layer 
is deposited on the copper seed layer 16. 

The plating solution 22 which has completed the deposition of the copper plated layer 17 overflows fror 
an upper part of the fountain cup 24 to the side of the same. After the elapse of a predetermined time, th> 
fountaining of the plating solution 22 is interrupted to lower the liquid level, and the fixing plate 25 is 
removed from the plating tank 23 and the silicon substrate 1 1 is removed from the silicon substrate 11.1 
such a manner, there is ensured the silicon substrate 1 1 where the copper plating tank 17 is deposited at 
predetermined position. Although the aforementioned fountain plating apparatus 21 is an example when 
the fountain cup 24 is used as the positive electrode, another apparatus may be used in which a mesh 
electrode is provided in the fountain cup 24 to which positive voltage is applied, and in which the fount; 
cup 24 itself is not used as an electrode. 

Although in the above description the fountain cup 24 side is set positive with the silicon substrate 1 1 si 
set negative, and predetermined voltage is applied thereacross to conduct a current, as described in 
Japanese Patent Laid-Open Application No. Sho57-71 150, 1st to 7th lines on a left lower column, p.230 
plating speed at high current density is high in the fountain plating method so that no flat copper plated 
layer 17 is obtained when a fixed pattern current is conducted at all times. 

To solve the problem there is known a plating solution (hereinafter, referred to a retarding agent) which 
adsorbed at high current density portions on an exposed surface of the metal seed layer 16 or the copper 
plated layer 17 and into which there is added an additive that prevents copper from adhering to such 
portions (CubathM: trade name ofENTHONE OMI company, for example). 

When a plating solution 22 containing such a retarding agent is used, the plating speed is slowed down 
automatically at high current density portions, so that a current having a unidirectional polarity at all tin 
ensures a plated layer having a substantially flat surface. Accordingly, as illustrated in FIGS. 12(a) and ( 
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a negative DC current or negative DC pulsed current both having a unidirectional polarity is conducted 
achieve fountain plating and hence ensure a copper plated layer 17 having a substantially flat surface. 

There may also be a situation where a plating solution is used to which the foregoing retarding agent is i 
added (Microfab: trade name of EEJA company, for example). Since a plating speed at high current 
density portions is high, conduction of a current always having a unidirectional polarity brings about a 
problem that film thickness is nonuniform, and further as illustrated in FIG. 14 deposits adhere to portio 
at opposite sides in the vicinity of an opening where current density is high before the trenches 14-i are 
buried to produce voids 20 in the buried layer in the trench and hence shorten the life of electromigratio: 

To solve the problem, a DC pulsed current having a forwardly and backwardly alternating polarity as 
illustrated in FIG. 13 is conducted to achieve fountain plating and hence obtain a substantially, flat surfc 
copper plated layer 17. 

Such prior art as described above however suffers from a problem that when after the substantially flat 
surface copper plated layer 17 is obtained, polishing is applied to the surface and copper is left behind o 
in the trenches 14-1 to 14-n to form the buried wiring 18, erosion happens (a phenomenon where coppei 
a surface of a high wiring pattern density area is more polished and is indented) as illustrated in FIG. 10 
and further when the copper plated layer 17 is buried in a wider trench 14-j to form the buried wiring 19 
a wider wiring pattern as illustrated in FIG. 15, dishing happens (a phenomenon where copper in a surfa 
of a wider wiring pattern is more polished and indented) to limit the width of the wiring pattern and redi 
the flexibility of a wiring design. 

More specifically, in polishing with the CMP process, for leaving copper only in the trenches 14-1 to 14 
to form the buried wiring 18 while preventing the interlayer insulating film 12 from being reduced (with 
about 500 Angstrom), it is necessary to increase the polishing speed of the copper plated layer 17 than ii 
the interlayer insulating film 12. For this, an acidic additive is added to an abrasive to oxidize copper int 
copper oxide whereby the copper is more rapidly polished than in the silicon oxide film. 

Thus, when the interlayer insulating film 12 is exposed, the same is more removed at portions having a 
higher copper area ratio to result in the aforementioned erosion and dishing. 

SUMMARY OF THE INVENTION 

The present invention has been made to solve the aforementioned problems of the prior art, and has an 
object to provide a method of manufacturing a semiconductor device capable of preventing erosion and 
dishing from happening upon forming a buried wiring by providing a trench along a wiring scheduled 
portion of an insulating film and burying the trench with a metal wiring material and depositing the met; 
wiring material on the insulating film, and applying a flattening processing to the surface of the resultin; 
sample, and capable of increasing the flexibility of a wiring design. 

To achieve the aforementioned object, a method of manufacturing a semiconductor device, according to 
first aspect of the present invention, is featured by comprising the steps of: providing a trench in a wirin 
scheduled portion of an insulating film formed on a substrate; forming a metal seed layer on the insulati 
film including the trench; forming a deposit layer of a metal wiring material on the metal seed layer to b 
the trench with use of an electrical plating method where the metal seed layer is taken as one electrode; 
then polishing and removing the deposit layer of the metal wiring material until the insulating film is ag 
exposed to form a buried wiring in the trench, the improvement being wherein the method further 
comprises the steps of: protruding the deposit layer of the metal wiring material on the trench and on a 
periphery of the trench into a protruded configuration by controlling a current in the electrical plating 
method upon forming the buried wiring, and then polishing and removing the deposit layer until the 
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insulating film is exposed. 

Also, a method of manufacturing a semiconductor device, according to a second aspect of the present 
invention, is featured by that in the electrical plating according to the first aspect of the present inventioi 
bidirectional current alternately temporarily changing in its flow direction is conducted until at least the 
trench' is buried, and then a unidirectional current not changing in its flow direction is conducted to 
protrude the deposit layer of the metal wiring material into a protruded configuration on the trench and < 
a peripheral area of the same, and then polish and remove the deposit layer until the insulating film is 
exposed. 

Also, a method of manufacturing a semiconductor device, according to a third aspect of the present 
invention, is featured by that in the method of manufacturing a semiconductor device according to the fi 
aspect of the present invention the plating solution used for the electrical plating method includes a 
retarding agent that prevents or retards the metal wiring material from adhering to a high current density 
portion on the exposed surface of the metal seed layer or the deposit layer. 

Also, a method of manufacturing a semiconductor device, according to a fourth aspect of the present 
invention, is featured by that in the method of manufacturing a semiconductor device according to the t\ 
aspect of the present invention the unidirectional current not changing in its flow direction is conducted 
until the trench is at least buried, and then the bidirectional current alternately temporarily changing in ii 
flow direction is conducted to protrude the deposit layer of the metal wiring material on the trench and c 
peripheral area of the same into a protruded configuration and then polish and remove the deposit layer 
until the insulating film is exposed. 

A method of manufacturing a semiconductor device, according to a fifth aspect of the present invention 
featured by comprising the steps of: providing a trench along a wiring scheduled portion of an insulating 
film formed on a substrate; forming a metal seed layer on the insulating film including the trench; formi 
a deposit layer of a metal wiring material on the metal seed layer to bury the trench with the aid of an 
electrical plating method where a unidirectional current not temporarily changing in its flow direction is 
conducted using the metal seed layer as one electrode, and then polishing and removing the deposit laye 
of the metal wiring material until the insulating film is again exposed to form a buried wiring in the tren 
the improvement being wherein the method further comprises the steps of: first achieving previous proc 
electrical plating until the trench is at least buried using a first plating solution containing a retarding ag< 
to prevent or retard the metal wiring material from adhering to a high current density portion on the 
exposed surface of the metal seed layer or the deposit layer upon forming the buried wiring, and then 
achieving later process electrical plating using a second plating solution not containing the retarding age 
to protrude the deposit layer of the metal wiring material on the trench and on a peripheral area of the sa 
into a protruded configuration, and thereafter polishing and removing the deposit layer until insulating 
layer is exposed. 

A method of manufacturing a semiconductor device, according to a sixth aspect of the present invention 
featured by comprising the steps of: providing a trench along a wiring scheduled portion of an insulating 
film formed on a substrate; forming a metal seed layer on the insulating film including the trench; formi 
a deposit layer of a metal wiring material on the metal seed layer with the aid of an electrical plating 
method where a bidirectional current alternately temporally changing in its flow direction is conducted 
using the metal seed layer as one electrode to bury the trench; and thereafter polishing and removing the 
deposit layer of the metal wiring material until the insulating film is again exposed to form a buried wiri 
in the trench, the improvement being wherein the method further comprises the steps of: upon forming t 
buried wiring, protruding the deposit layer of the metal wiring material on the trench and on a periphera 
area of the same into a protruded configuration by first achieving previous process electrical plating unti 
the trench is at least buried using a second plating solution not containing a retarding agent for preventir 
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the metal wiring material from adhering to a high current density portion on the exposed surface of the 
metal seed layer or the deposit layer upon forming the buried wiring, and then achieving later process 
electrical plating using a first plating solution containing the retarding agent; and polishing and removin 
the deposit layer until the insulating film is exposed. 

A method of manufacturing a semiconductor device, according to a seventh aspect of the present 
invention, is featured by comprising the steps of: providing a trench along a wiring scheduled portion of 
insulating film formed on a substrate; forming a metal seed layer on the insulating film including the 
trench; forming the deposit layer of the metal wiring material on the metal seed layer with the aid of an 
electrical plating method where the metal seed layer is used as one electrode; and then polishing and 
removing the deposit layer of the metal wiring material until the insulating film is again exposed to forn 
buried wiring in the trench, the improvement being wherein the method further comprises the steps of: f 
forming a deposition prevention layer on an area excepting at least the trench in the area on the insulatin 
film upon forming the buried wiring; then protruding the deposit layer of the metal wiring material on tl 
trench and on a peripheral area of the same into a protruded configuration with the aid of the electrical 
plating; and thereafter polishing and removing the deposit layer until the insulating film is exposed and 
thereafter polishing and removing the deposit layer until the insulating film is exposed. 

A method of manufacturing a semiconductor device, according to a eighth aspect of the present inventic 
is featured by comprising the steps of: providing a trench along a wiring scheduled portion of an insulat 
film formed on a substrate; forming a metal seed layer on the insulating film including the trench; formi 
a deposit layer of a metal wiring material on the metal seed layer to bury the trench with the aid of an 
electrical plating method where the metal seed layer is used as one electrode; and thereafter polishing ar 
removing the deposit layer of the metal wiring material until the insulating film is again exposed, the 
improvement being wherein the method further comprises the steps of: upon forming the buried wiring, 
protruding the deposit layer of the metal wiring material on the trench and on a peripheral area of the sa'i 
into a protruded configuration by first forming a deposit layer of the metal wiring material on the 
insulating film with the aid of the electrical plating method upon forming the buried wiring, and then 
forming a mask layer at least on an area on the trench in an area on the deposit layer for preventing the 
deposit layer of the metal wiring material from being etched, and then applying the etching processing; ; 
then polishing and removing the deposit layer until the insulating film is exposed. 

A method of manufacturing a semiconductor device, according to the ninth aspect of the present inventi 
is featured by comprising the steps of: providing a trench along a wiring scheduled portion of an insulat: 
film formed on a substrate; forming a metal seed layer on the insulating film including the trench; formi 
a deposit layer of a metal wiring material on the metal seed layer to bury the trench using an electrical 
plating method where the metal seed layer is used as one electrode; and thereafter polishing and removii 
the deposit layer of the metal wiring material until the insulating film is again exposed to form a buried 
wiring in the trench, the improvement being wherein the method further comprises the steps of: upon 
forming the buried wiring, first forming the deposit layer of the metal wiring material on the insulating 
film to be thin with the aid of the electrical plating method or forming the deposit layer of the metal wiri 
material on the insulating film with the aid of the electrical plating method and then etching back the 
deposit layer into a thin deposit layer; then protruding the deposit layer of the metal wiring material on t 
trench and on a peripheral area of the same into a protruded configuration with the aid of electrical plati: 
where a bidirectional current alternately temporarily changing in its flow direction is conducted using a 
first plating solution containing a retarding agent for preventing the metal wiring material from adhering 
a high current density portion on an exposed surface of the metal seed layer or the deposit layer; and the 
polishing and removing the deposit layer until the insulating film is exposed. 

A method of manufacturing a semiconductor device, according to a tenth aspect of the present invention 
featured by comprising the steps of: providing a trench along a wiring scheduled portion of an insulating 
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film formed on a substrate; forming a metal seed layer on the insulating film including the trench; formi 
a deposit layer of a metal wiring material on the metal seed layer to bury the trench with the aid of an 
electrical plating method where the metal seed layer is used as one electrode; and thereafter polishing ar 
removing the deposit layer of the metal wiring material until the insulating film is again exposed to forn 
buried wiring in the trench, the improvement being wherein the method further comprises the steps of: 
upon forming the buried wiring, forming the deposit layer of the metal wiring material on the insulating 
film to be thin with the aid of the electrical plating method upon forming the buried wiring or forming tl 
deposit layer of the metal wiring material on the insulating film with the aid of the electrical plating 
method and then etching back the deposit layer into a thin deposit layer; then protruding the deposit laye 
of the metal wiring material on the trench and on a peripheral area of the same into a protruded 
configuration with the aid of electrical plating where a unidirectional current not temporally changing in 
flow direction is conducted using a second plating solution not containing a retarding agent for preventii 
the metal wiring material from adhering to a high current density portion on an exposed surface of the 
metal seed layer or the deposit layer; and thereafter polishing and removing the deposit layer until the 
insulating film is exposed. 

In addition, a method of manufacturing a semiconductor device, according to a eleventh aspect of the 
present invention, is featured by that the electrical plating method according to the method of 
manufacturing a semiconductor device of any one of the first to the tenth aspects of the present inventio: 
a fountain plating method where the plating solution is fountained to the metal seed layer formed on the 
substrate in a fountain state. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The above and other objects, advantages and features of the present invention will be more apparent fro] 
the following description taken in conjunction with the accompanying drawings in which: 

FIGS. 1(a) to 1(c) are cross sections of successive processes illustrating a first embodiment of a method 
manufacturing a semiconductor device; 

FIGS. 2(a), 2(b) are cross sections illustrating successive processes of a method of manufacturing a 
semiconductor device; 

FIG. 3 is a view of a waveform of a current upon fountain plating illustrating the operation of the 
embodiment of FIG. 1; 

FIG. 4 is a view of a waveform of a current upon fountain plating illustrating the operation of a second 
embodiment of the present invention; 

FIG. 5 is a view of a waveform of a current upon fountain plating illustrating the operation of a third 
embodiment of the present invention; 

FIG. 6 is a view of a waveform of a current upon fountain plating illustrating the operation of a fourth 
embodiment of the present invention; 

FIGS. 7(a), 7(b) are cross sections of successive processes illustrating a method of depositing a copper 
plated layer in a seventh embodiment of a method of manufacturing a semiconductor device of the prese 
invention; 

FIGS. 8(a), 8(b) are cross sections of successive processes illustrating a method of depositing a copper 
plated layer in an eighth embodiment of a method of manufacturing a semiconductor device of the prese 
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invention; 

FIGS. 9(a) to 9(c) are cross sections of successive processes illustrating a prior method of manufacturing 
semiconductor device; 

FIG. 10 is a cross section of a process illustrating the method of manufacturing a semiconductor device 
FIG. 9; 

FIG. 1 1 is a view exemplarily illustrating the construction of an example of a fountain plating apparatus 

FIGS. 12(a), (b) are views of temporal waveforms of a current upon fountain plating for illustrating the 
operation of the prior method of manufacturing a semiconductor device; 

FIG. 13 is a view of a temporal waveform of a current upon fountain plating for illustrating the operatio 
of the prior method of manufacturing a semiconductor device; 

FIG. 14 is a view illustrating production of voids at high current density portions in deposition of a copp 
plated layer associated with the prior method of manufacturing a semiconductor device; and 

FIG. 15 is a cross section illustrating happening of dishing in the prior method of manufacturing a 
semiconductor device. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

In what follows, there will be described in more detail various preferred embodiments of the present 
invention with reference to the accompanying drawings FIGS. 1, 2 are views of cross sections of 
successive processes each illustrating a first embodiment of a method of manufacturing a semiconductoi 
device of the present invention, and FIG. 3 is a view of a temporal waveform of a current upon fountain 
plating illustrating the operation of the first embodiment. 

The method of manufacturing a semiconductor device of the present embodiment is sharply different frc 
that of a prior art (refer to FIGS. 9, 10) in the following: upon depositing copper plated layers 37a, 37b < 
substantially flat copper plated layer is formed by conducting a unidirectional polarity DC current 
(unidirectional current not temporally changing in its flow direction) until trenches 14-1 to 14-n are buri 
with the copper plated layers. After the trenches 14-1 to 14-n are buried, a DC pulse current changing 
alternately: forwardly and backwardly in its polarity (bidirectional current alternately temporally changi 
in its flow direction) is conducted for fountain plating to deposit the copper plated layer 37a on the 
trenches 14-1 to 14-n and on a peripheral area of the same into a more protruded configuration than othe 
areas as illustrated FIG. 2(a). Herein, like symbols will be applied to like constituent parts as in those of 
the aforementioned prior art, and the description will be omitted. 

For achieving the present exemplary method of manufacturing a semiconductor device, as illustrated in 
FIG. 1(a), an interlayer insulating film 12 is first formed on a silicon substrate 11, over the entire area ol 
which a photoresist 13 is in turn applied to form a resist pattern, and then trenches 14-1 to 14-n are form 
along a wiring scheduled portion of the interlayer insulating film 12. Thereafter, as illustrated in FIG. 1( 
the photoresist 13 is removed, and a barrier layer 15 is deposited on side surfaces and a bottom surface i 
the trenches 14-1 to 14-n and over an entire area on the interlayer insulating film 12, and a copper seed 
layer 16 is formed over an entire area on the barrier area 15. The above description is substantially the 
same as that of the aforementioned prior method of manufacturing a semiconductor device. 

Then, the silicon substrate 1 1 where the copper seed layer 16 has been finished is fixed to a lower surfac 
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25a of a fixing plate 25 of a fountain plating apparatus 21 illustrated in FIG. 11, and the fixing plate 25 i 
disposed horizontally at a predetermined position slightly above a liquid level of a plating solution 22. / 
fountain cup 24 is used as one electrode with the silicon substrate 1 1 (copper seed layer 16) used as the 
other electrode, and predetermined voltage is applied between the foregoing electrodes to conduct a cun 
whereby a pump (not shown) is activated to fountain the plating solution 22 from a fountain pipe 26 to t 
surface of the silicon substrate 1 1 and hence deposit the copper plated layer 37a on the copper seed laye 
16. 

After the elapse of predetermined time, fountaining the plating solution 22 is interrupted to lower a liqui 
level, and the fixing plate 25 is taken out from a plating tank 23 to demount the silicon substrate 1 1 fron 
the fixing plate 25. 

In the present embodiment, the deposition of the copper plated layer is achieved with the aid of a founta 
plating method using a plating solution (first plating solution) containing a retarding agent which adsorb 
an exposed surface of the metal seed layer 16 or the copper plated layer 17 along a high current density 
portion for preventing copper from adhering to that portion. 

Since the retarding agent is contained, a plating speed along the high current density portion is 
automatically retarded. Thus, a substantially flat surface copper plated layer is formed by conducting a 
unidirectional polarity DC current. 

More specifically, as illustrated in FIG. 3, in a previous process until the trenches 14-1 to 14-n are burie 
unidirectional polarity negative DC current is conducted to achieve fountain plating. Hereby, as illustrat 
in FIG. 1(c), a substantially flat surface copper plated layer 37a with which the trenches 14-1 to 14-n arc 
buried is deposited on the interlayer insulating film 12. 

Although in the present embodiment the unidirectional polarity negative DC current is conducted in ord 
to deposit the substantially flat copper plated layer, when there is a fear of voids being produced in the 
buried layer in the trench because the operation of the retarding agent is unsatisfactory, in order to 
eliminate the production of the voids the current is once interrupted and then a pulsed current flowing 
oppositely to that of the foregoing negative DC current is conducted whereby any corner of an opening < 
the trench (hole) is removed to prevent any pinch-off from being produced at the opening which might 
cause a trouble. Hereupon, a deposition rate of copper at the opening is higher than that at a bottom in tl 
trench (hole), so that it is necessary to construct a deposition configuration of copper such that the 
configuration is not a reverse tapered cross section (narrower at the opening than at the bottom). 

Thereafter, a plating current pattern is changed over and the fountain plating is continued. More 
specifically, as illustrated in FIG. 3, in a latter process after the trenches 14-1 to 14-n are buried a DC 
pulsed current alternately, i.e., forwardly backwardly changing in its polarity is conducted for the founta 
plating. 

Herein, a positive pulsed current is a back bias current to remove additive molecules that are adsorbed a 
high current density portion, and hence the copper plated layer is more deposited at a high current densh 
portion by conducting the positive pulsed current. 

After the copper plated layer 37a is deposited in a configuration shown in FIG. 1(c), film thickness of th 
copper at the trenches 14-1 to 14-n is larger than that on the interlayer insulating film 12 to relatively lo* 
resistance and hence increase a current amount. Hereby, the amount of the deposition of the copper at th 
trenches 14-1 to 14-n is increased. 

Hereby, as illustrated in FIG. 2(a), a copper plated layer 37b on the trenches 14-1 to 14-n and on a 
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peripheral area of the same more protruded than other areas is deposited. More specifically, upon flatten 
processing with a CMP process performed thereafter copper set higher in a polishing rate compared wit] 
the interlayer insulating film is formed thicker at a portion where an area ratio is high. 

Then, as illustrated in FIG. 2(b), there is polished the surface of the silicon substrate 1 1 where the coppe 
plated layer 37b is polished using the CMP method until the interlayer insulating film 12 is exposed, an< 
the copper plated layer 37 is left behind only in the trenches 14-1 to 14-n and the buried wiring 38 is 
formed. Erosion has not happened. Although the present embodiment is with a high wiring density case, 
the same result shall be applied for a case where a buried wiring of a wider wiring pattern is formed, anc 
thereupon dishing does not happen. 

Therefore, according to the present exemplary construction, a trench is provided along a wiring schedul< 
portion of the interlayer insulating film, and a copper plated layer is buried in the trench and is depositee 
on the interlayer insulating film, to a surface of which a flattening processing is applied to form a buried 
wiring. Thereupon, erosion and dishing are prevented from happening, and hence freedom of a wiring 
design is increased. 

Periods tl, t2 of the pulsed current having an alternately, forwardly and backwardly changing polarity 
shown in FIG. 3 are set within about 10 seconds. 

This is because there is a fear that if the periods exceed about 10 seconds, the configuration of the coppc 
plated layer is changed when the additive molecule is adsorbed and removed at a high current density 
portion. A peak value 12 of the negative pulsed current is set 0.8 to 1.2 A/dm@2, and a negative DC 
current value II and a positive pulsed current peak value 13 are set about 1/2 of 12. 

As a modified example of the present embodiment, the current pulse may be changed such that the plati: 
is interrupted and the deposition configuration of copper does not become a reverse tapered cross sectioi 
(narrower at the opening rather than at the lower part). 

FIG. 4 is a view of a temporal waveform of a current upon fountain plating for illustrating the operation 
a second preferred embodiment. 

A method of manufacturing a semiconductor device of the present embodiment is sharply different fron 
that of the first embodiment (refer to FIGS. 1, 2, 3.) in that there are different plating current patterns 
thereof flowed until the trenches 14-1 to 14-n are buried from each other. 

More specifically, in the previous process until the trenches 14-1 to 14-n are buried, as illustrated in FIC 
4, fountaining plating is achieved by conducting a unidirectional polarity negative DC pulsed current 
(unidirectional current not temporally changing in its flow direction). Hereby, as illustrated in FIG. 1(c) 
there is deposited the copper plated layer 37a on the interlayer insulating film 12 which layer buries the 
trenches 14-1 to 14-n and has a flat surface. 

Thereafter, the plating current pattern is changed over to continue the fountain plating. 

More specifically, in the later process after the trenches 14-1 to 14-n are buried, as illustrated in FIG. 4, 
fountain plating is achieved by conducting a DC pulsed current having alternately: forwardly and 
backwardly changing polarity. Hereby, as illustrated in FIG. 2(a), a copper plated layer 37b having a mc 
protruded configuration on the trenches 14-1 to 14-n and on a peripheral area of the same than on other 
areas. With the present exemplary construction, there is ensured substantially the same effect as that 
described above in the first embodiment. 
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The period t3 of the negative DC pulsed current illustrated in FIG. 4 is set within about 10 seconds, and 
peak value 14 of the negative DC pulsed current is set slightly lower than a peak value 12 of the negative 
pulsed current. 

FIG. 5 is a view of a temporal waveform of a current upon fountain plating for illustrating the operation 
a third preferred embodiment. 

A method of manufacturing a semiconductor device of the present embodiment is sharply different frorr 
that of the first embodiment (FIGS: 1, 2, 3) in that a plating solution (second plating solution) to which 1 
aforementioned retarding agent is not added is used to achieve fountain plating for deposition of a copp< 
plated layer. Hereby, the order of changeover among plating current patterns of the present embodiment 
becomes different from that of the first embodiment. 

Since no retarding agent is contained in the plating solution 22 in the present embodiment, a plating spe< 
at a high current density portion is high. 

Although already described, this situation brings about inconvenience that conduction of the unidirectio 
polarity DC current makes film thickness nonuniform and the life of electromigration is deteriorated. Tc 
prevent this, a DC pulsed current having an alternately: forwardly and backwardly changing polarity is 
conducted to deposit a flat surface copper plated layer. A positive pulsed current is a back bias current t( 
remove excessive copper deposited at a high current density portion. 

More specifically, in a previous process until the trenches 14-1 to 14-n are buried, as illustrated in FIG. 
DC pulsed current having an alternately: forwardly and backwardly changing polarity is conducted to 
achieve fountain plating. Hereby, as illustrated in FIG. 1(c), a copper plated layer 37a is deposited on th« 
interlayer insulating film 12 which layer buries the trenches 14-1 to 14-n and has a substantially flat 
surface. 

It is noted that a pattern of the DC pulsed current having an alternately: forwardly and backwardly 
changing polarity may be altered in proper in view of preventing production of voids. 

Thereafter, the plating current pattern is changed over to continue fountain plating. More specifically, in 
later process after the trenches 14-1 to 14-n are buried, as illustrated in FIG. 5, a unidirectional polarity 
negative DC current is conducted to achieve fountain plating. 

Since no retarding agent is contained in the plating solution 22, a copper plated layer is more protruded 
deposited at a high current density portion. Thus, after a copper plated layer 37a configured as illustrate 
FIG. 1(c) is deposited, film thickness of copper in the trenches 14-1 to 14-n becomes thicker than that ol 
upper part of the interlayer insulating film 12 to relatively reduce the resistance, resulting in an increase 
the amount of the current, and hence the amount of deposition of copper on the upper part of the trenche 
14-1 to 14-n is increased. 

Hereby, as illustrated in FIG. 2(a), there is deposited the copper plated layer 37b more protruded on the 
trenches 14-1 to 14-n and on a peripheral area of the same than on other areas. 

Thus, with the present construction, substantially the same effect as that described above in the first 
embodiment is ensured. 

Periods t4, t5 of a DC pulsed current having alternately: forwardly and backwardly changing polarity in 
FIG. 5 is set within about 10 seconds. This is because that there is a fear that if the periods exceed 10 
seconds, the configuration of the copper plated layer is changed when excessive copper deposited at the 
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high current density portion is deposited at the high current density portion or removed. 

FIG. 6 is a view of a temporal waveform of a current upon fountain plating for illustrating the operation 
a fourth preferred embodiment. 

A method of manufacturing a semiconductor device according to the present embodiment is different fn 
the third embodiment in that there are different plating current. 

More specifically, in a previous process until the trenches 14-1 to 14-n are buried, as illustrated in FIG. 
DC pulsed current having an alternately: 

forwardly and backwardly alternately changing polarity is conducted for fountain plating. Hereby, as 
illustrated in FIG. 1(c), a copper plated layer 37a is deposited on the interlayer insulating film 12 which 
layer buries the trenches 14-1 to 14-n and has a substantially flat surface. 

Thereafter, the plating current pattern is changed over to continue fountain plating. More specifically, in 
later process after the trenches 14-1 to 14-n are buried, as illustrated in FIG. 6, a negative DC pulsed 
current having a unidirectional polarity is conducted for fountain plating. 

Hereby, as illustrated in FIG. 2(a), a copper plated layer 37b is deposited on the trenches 14-1 to 14-n ai 
on a peripheral area of the same which layer has a more protruded configuration than on other areas is 
increased. 

Accordingly, with the present construction, substantially the same effect as described above in the first 
embodiment is ensured. 

A method of manufacturing a semiconductor device according to a fifth preferred embodiment is sharpl 
different from that of the first embodiment (FIGS. 1, 2 and 3) in that in the first embodiment the kind of 
the plating solution is fixed and the plating current pattern is changed over for protrusion and deposition 
the copper plated layer while in the present embodiment the plating current pattern is fixed and the kind 
the plating solution is changed for protrusion and deposition of the copper plated layer. 

More specifically, a unidirectional polarity negative DC current or negative DC pulsed current has been 
conducted at all times (current patterns shown in FIGS. 3 and 4). In a previous process until the trenche. 1 
14-1 to 14-n are buried, a plating solution 22 containing a retarding agent is used to achieve fountain 
plating. Since the plating solution 22 contains the retarding agent, a plating speed at a high current densi 
portion is automatically slowed down. 

Hereby, as illustrated in FIG. 1(c), a copper plated layer 37a is deposited on the interlayer insulating filr 
12 which layer buries the trenches 14-1 to 14-n and has a substantially flat surface. 

Thereafter, in a later process after the trenches 14-1 to 14-n are buried, the plating solution 22 is change* 
over to a solution not containing a retarding agent to continue fountain plating. Since the plating current 
pattern is a unidirectional polarity negative DC current or negative DC pulsed current as described abov 
the copper plated layer is more protruded and deposited along a high current density portion. 

Accordingly, after the copper plated-layer 37a illustrated in FIG. 1(c) is deposited, film thickness of cop 
in the trenches 14-1 to 14-n becomes thicker than that on the interlayer insulating film 12 to relatively 
lower resistance and hence increase the amount of the current. Thus, the amount of the deposition of 
copper on the upper part of the trenches 14-1 to 14-n. 
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Hereby, as illustrated in FIG. 2(a), a copper plated layer 37b is deposited on the trenches 14-1 to 14-n ai 
on a peripheral area of the same into a more protruded configuration than on other areas is increased. 

With the present construction, substantially the same effect as described above in the first embodiment i 
ensured. 

A method of manufacturing a semiconductor device according to a sixth preferred embodiment deposits 
copper plated layer by fixing a plating current pattern and changing kinds of plating solutions in the sane 
manner as in the fifth embodiment, but is different from the same in a plating current pattern. 

More specifically, a DC pulsed current having an alternately: forwardly and backwardly alternately 
changing polarity has been conducted (a current pattern until the trenches illustrated in FIGS. 5 and 6 ar 
buried.). 

In a previous process until the trenches 14-1 to 14-n are buried, fountain plating is achieved using a plat 
solution not containing a retarding agent. In this case, a positive pulsed current is a back bias current for 
removing excessive copper deposited at high current density portions. Hereby, as illustrated in FIG. l(c 
copper plated layer 37a is deposited on the interlayer insulating film 12 which layer buries the trenches 
1 to 14-n and has a substantially flat surface. 

Thereafter, in a later process after the trenches 14-1 to 14-n are buried, the plating solution 22 is change* 
over to a solution containing a retarding agent to continue fountain plating. Herein, the positive pulsed 
current is a back bias current for removing additive molecules adsorbed at high current density portions, 
and the copper plated layer is more deposited at high current density portions by conducting the positive 
pulsed current. 

Accordingly, after the copper plated layer 37a having a configuration illustrated in FIG. 1(c) is deposits 
film thickness of copper in the trenches 14-1 to 14-n becomes thicker than that on the interlayer insulatii 
film 12 to relatively lower resistance and hence increase the amount of the current. Thus, the amount of 
deposition of copper on the upper part of the trenches 14-1 to 14-n. 

Hereby, as illustrated in FIG. 2(a), a copper plated layer 37b is deposited on the trenches 14-1 to 14-n ai 
on a peripheral area of the same which layer has a more protruded configuration than on other areas. 

Thus, with the present exemplary construction, substantially the same effect as described above in the fi 
embodiment is ensured. 

FIG. 7 is views of successive processes in cross sections for illustrating copper plated layer deposition 
according to a seventh preferred embodiment of the present invention. 

A method of manufacturing a semiconductor device according to the present embodiment is sharply 
different from that of the first embodiment (FIGS. 1, 2, 3) in that a deposition prevention layer is formec 
on the interlayer insulating film other than the trenches and a peripheral area of the same with which lay 
a copper plated layer is not deposited, and the copper plated layer is deposited only on the trenches and ■ 
a peripheral area of the same. 

For achieving the method of manufacturing a semiconductor device according to the present embodimei 
the interlayer insulating film 12 is formed on the silicon substrate 1 1, over an entire area on which film ; 
photoresist 13 is applied to form a resist pattern, and then the trenches 14-1 to 14-n are formed in the 
interlayer insulating film 12 and the photoresist 13 is removed, and further a barrier layer 15 is depositee 
over an entire area of which a copper seed layer 16 is formed. The above description is substantially the 
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same as that of the first embodiment. 

As illustrated in FIG. 7(a), a photoresist 43 is applied on the surface of the silicon substrate 1 1 on which 
the copper seed layer 16 is formed, which photoresist is exposed to light and developed using a 
photolithography to form a photoresist pattern from which the trenches 14-1 to 14-n and a peripheral are 
of the same are removed. 

Then, using a fountain plating apparatus 21 illustrated in FIG. 1 1 fountain plating is applied onto the 
silicon substrate 1 1 on which the resist pattern is formed with the copper seed layer 16 used as one 
electrode. Thereafter, the photoresist 43 is removed, and a copper plated layer 47 is deposited on the 
trenches 14-1 to 14-n and on a peripheral area of the same to form a structure, which layer has a protrud 
configuration (refer to FIG. 7(b)). 

Then, like a process illustrated in FIG. 2(b), a silicon substrate surface on which the copper plated layer 
deposited until the interlayer insulating film is exposed is polished using the CMP method, and the copp 
plated layer is left behind only in the trenches to form a buried wiring. 

Thus, with the present construction, substantially the same effect as described above in the first 
embodiment is ensured. 

FIG. 8 is views of successive processes in cross sections for illustrating copper plated layer deposition 
according to an eighth preferred embodiment of the present invention. 

A method of manufacturing a semiconductor device according to the present embodiment is sharply 
different from that of the first embodiment (FIGS. 1, 2, 3) in that after the copper plated layer is deposit* 
on the interlayer insulating film which layer buries the trenches and has a substantially flat surface, a mi 
is formed, covering the copper plated layer on the trenches and on a peripheral area of the same, and the 
copper plated layer deposited other than on the trenches and a peripheral area of the same is made thinnt 
to construct a structure where the copper plated layer is deposited on the trenches and on a peripheral ar» 
of the same, having a protruded configuration. 

For achieving the method of manufacturing a semiconductor device according to the present embodimei 
the interlayer insulating film 12 is formed on the silicon substrate 11, over an entire area on which film ; 
photoresist 13 is applied to form a resist pattern, and then the trenches 14-1 to 14-n are formed along a 
wiring scheduled portion of the interlayer insulating film 12. 

Thereafter, the photoresist 13 is removed, and a barrier layer 15 is deposited on side surfaces and a bott( 
surface in the trenches 14-1 to 14-n and on an entire area on the interlayer insulating film 12, over an en 
area on which barrier layer a copper seed layer 16 is formed. Then, with the aid of a fountain plating 
method where the copper seed layer 16 is used as an electrode a copper plated layer 17 is deposited, whi 
layer buries the trenches 14-1 to 14-n and has a substantially flat surface over a wide area on the interlaj 
insulating film 12. The construction up to here is substantially the same as the aforementioned prior 
method. 

Then, as illustrated in FIG. 8(a), a photoresist 53 is applied on the surface of the silicon substrate 1 1 on 
which a substantially flat surface copper plated layer 17 is deposited, and is exposed to light and develoj 
using a photolithography, and the photoresist 53 other than on the trenches 14-1 to 14-n and on a 
peripheral area of the same is removed and a resist pattern is formed where the resist is left behind only 
the trenches 14-1 to 14-n. 

Then, an exposed part of the copper plated layer 17 is etched and is made thinner using the resist patterr 
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a mask, and thereafter the photoresist 53 is removed to form a structure where the copper plated layer 
having a protruded configuration is deposited on the trenches 14-1 to 14-n and on a peripheral area of th 
same (refer to FIG. 8(b).). 

Then, as in the process illustrated in FIG. 2(b), a silicon substrate surface on which the copper plated laj 
is polished using a CMP method until the interlayer insulating film is exposed, and the copper plated laj 
is left behind only in the trenches to form a buried wiring. 

Thus, with the present exemplary construction, substantially the same effect as described above in the fi 
embodiment is ensured. 

It is noted here that the copper plated layer deposited and exposed other than on the trenches and on a 
peripheral area of the same may be made thinner using any method other than the aforementioned etchir 

A method of manufacturing a semiconductor device according to a ninth embodiment is sharply differei 
from that of the first embodiment (FIGS. 1, 2, 3) in that after a copper plated layer is deposited on the 
interlayer insulating film which layer buries the trenches and has a substantially flat surface, an entire ar 
of the copper plated layer is etched back to make the film thickness thinner, and thereafter fountain plati 
is achieved under conditions where a plating speed at a high current density portion is higher to form a 
structure where the copper plated layer is deposited on the trenches and on a peripheral area of the same 
having a protruded configuration. 

For achieving the present exemplary method of manufacturing a semiconductor device an interlayer 
insulating film is formed on a silicon substrate, and then a trench is formed in the interlayer insulating fi 
Thereafter, a barrier layer is deposited on side surfaces and a bottom surface in the trench and on an enti 
area on the interlayer insulating film, over an entire area on which layer a copper seed layer is formed. 
Then, a copper plated layer is deposited which buries the trench and has a substantially flat surface on sj 
interlayer insulating film with the aid of a fountain plating method where the copper seed layer is used a 
an electrode. The description up to here is substantially the same as the aforementioned prior method. 

Thereafter, the entire area of the copper plated layer is etched back into thin film thickness. Then, fount; 
plating is achieved by conducting a DC pulsed current (current patterns shown in FIGS. 3 and 4.) having 
forwardly and backwardly alternately changing polarity using a plating solution containing a retarding 
agent or fountain plating is achieved by conducting a negative DC current or negative DC pulsed curren 
(current patterns shown in FIGS. 5 and 6.) having a unidirectional polarity using a plating solution not 
containing a retarding agent. 

In the combination of the plating pattern and the current pattern, after the substantially flat surface copp< 
plated layer is deposited, the amount of the current is increased on the trench and on a peripheral area of 
the same where film thickness of copper is thicker than on the interlayer insulating film, on which portic 
a copper plated layer having a protruded configuration is formed. Then, as in the process illustrated in F 
2(b), a silicon substrate surface on which the copper plated layer is deposited until the interlayer insulati 
film is exposed is polished using the CMP method, and the copper plated layer is left behind only in the 
trench to form a buried wiring. 

Thus, with the present exemplary construction, substantially the same effect as described above in the fi 
embodiment is ensured. 

A method of manufacturing a semiconductor device according to a tenth preferred embodiment is sharp 
different from that of the ninth embodiment in that although in the ninth embodiment after the copper 
plated layer is deposited on the interlayer insulating film which layer buries the trench and has a 
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substantially flat surface, an entire area of the copper plated layer is etched back into thin film thickness 
the present embodiment a copper plated layer is deposited on the interlayer insulating film to be thinner 
which buries the trench and has a substantially flat surface. More specifically, since in the present 
embodiment the copper plated layer is deposited on the interlayer insulating film to be thin, there is 
unnecessary the processing in the ninth embodiment where the copper plated layer is etched back to ma] 
the film thickness of the copper plated layer thinner. Other than this are the same as in the ninth 
embodiment, and hence the description is not repeated. 

Thus, with the present exemplary construction substantially the same effect as described above is ensure 

Although the preferred embodiments of the present invention are described in detail with reference to th 
accompanying drawings, the concrete construction is not limited to the embodiments, and the present 
invention includes any alteration of a design without departing the scope of the present invention. 

For example, the depth, width, and interval of the trench is not limited to the above embodiments. 

In the above embodiments the current pattern conducted until a substantially flat copper plated layer is 
deposited is not needed to be fixed, and the current pattern can be altered to prevent any void from beinj 
produced. Thereupon, it is important to keep the configuration of a copper deposit layer in a forward 
tapered configuration (wider than a bottom of the trench at an opening of the same) by altering the curre 
pattern. 

Although in the above embodiments deposition of the copper plated layer is achieved with the aid of the 
fountain plating, that may be achieved with electrical plating methods other than the fountain plating, e.. 
with a dipping plating. As the metal material of the buried wiring there may be useable metals capable c 
plating, e.g., gold, silver, aluminum other than copper described above. 

Although in the above embodiments the photoresist pattern is used as the deposition prevention layer fo 
preventing the copper plated layer from being deposited on the interlayer insulating film other than on tl 
trench and on a peripheral area of the same, other than this may be used. The method to make the film 
thickness thinner by depositing a substantially flat surface copper plated layer on the interlayer insulatin 
film and then etching back an entire area of the copper plated layer may be achieved by methods other t] 
the above etching. Further, flattening of the surface of the interlayer insulating film after the copper plat 
layer is buried in the trench may be achieved by methods other than the CMP method. 

As described above, with the method of manufacturing a semiconductor device according to the present 
invention a trench is provided along a wiring scheduled portion of an insulating film, and a metal wiring 
material is buried in the trench and is deposited on the insulating film, to the surface of which material 
flattening is applied to form a buried wiring. Thereupon, erosion and dishing are prevented from happen 
to improve the freedom of a wiring design. 

It is thus apparent that the present invention is not limited to the above embodiments but may be change 
and modified without departing from the scope and spirit of the invention. 

Finally, the present application claims the priority of Japanese Patent Application No.Hei 10-03831 1 file 
on Feb. 20, 1998, which is herein incorporated by reference. 
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What is claimed is: 

1. In a method of manufacturing a semiconductor device comprising the steps of: providing a trench alo: 
a wiring scheduled portion of an insulating film formed on a substrate; forming a metal seed layer on th< 
insulating film including said trench; forming a deposit layer of a metal wiring material on said metal se 
layer to completely bury said trench with the aid of an electrical plating method where the metal seed la 
is used as one electrode; and polishing and removing the deposit layer of the metal wiring material until 
the insulating film is again exposed, to form a buried wiring in said trench, the improvement being whei 
the method further comprises the steps of: upon forming said buried wiring, protruding said deposit laye 
of the metal wiring material on said trench and on a peripheral area of the same into a protruded 
configuration by controlling a current of said electrical plating method; and polishing and removing saic 
deposit layer until said insulating film is exposed; and wherein in said electrical plating a bidirectional 
current alternately temporarily changing in its flow direction is conducted until at least said trench is 
buried, and a unidirectional current not temporally changing in its flow direction is conducted to protruc 
said deposit layer of the metal wiring material on said trench and on a peripheral area of the same into a 
protruded configuration, and said deposit layer is polished and removed until said insulating film is 
exposed. 

2. A method of manufacturing a semiconductor device according to claim 1 wherein said electrical plati 
is a fountain plating method where said plating solution is sprayed to said metal seed layer formed on sa 
substrate in a fountain state. 

3. In a method of manufacturing a semiconductor device comprising the steps of: providing a trench alo: 
a wiring scheduled portion of an insulating film formed on a substrate; forming a metal seed layer on th< 
insulating film including said trench; forming a deposit layer of a metal wiring material on said metal se 
layer to completely bury said trench with the aid of an electrical plating method where the metal seed la 
is used as one electrode; and polishing and removing the deposit layer of the metal wiring material until 
the insulating film is again exposed, to form a buried wiring in said trench, the improvement being whei 
the method further comprises the steps of: upon forming said buried wiring, protruding said deposit laye 
of the metal wiring material on said trench and on a peripheral area of the same into a protruded 
configuration by controlling a current of said electrical plating method; and polishing and removing saic 
deposit layer until said insulating film is exposed; and wherein a unidirectional current not temporarily 
changing in its flow direction is conducted until at least said trench is buried and a bidirectional current 
alternately temporarily changing in its flow direction is conducted to protrude said deposit layer of the 
metal wiring material on said trench and on a peripheral area of the same into a protruded configuration, 
and said deposit layer is polished and removed until said insulating film is exposed. 

4. In a method of manufacturing a semiconductor device comprising the steps of: providing a trench alo 
a wiring scheduled portion of an insulating film formed on a substrate; forming a metal seed layer on the 
insulating film including said trench; forming a deposit layer of a metal wiring material on said metal se 
layer with the aid of an electrical plating method where said metal seed layer is used as one electrode an 
unidirectional current not temporarily changing in its flow direction, to bury said trench; and polishing i 
removing said deposit layer of the metal wiring material until said insulating film is again exposed to fo 
a buried layer in said trench, the improvement wherein the method further comprises the steps of: 
upon forming said buried wiring, 

protruding said deposit layer of the metal wiring material on said trench and on a peripheral area of the 
same into a protruded configuration by performing previous process electrical plating until at least said 
trench is buried using a first plating solution containing a retarding agent for preventing said metal wirir 
material from being deposited on a high current density portion on an exposed surface of said metal see< 
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layer or said deposit layer and performing later process electrical plating using a second plating solution 
not containing said retarding agent; and 

polishing and removing said deposit layer until said insulating film is exposed. 

5. A method of manufacturing a semiconductor device according to claim 4 wherein said electrical plati 
is a fountain plating method where said plating solution is sprayed to said metal seed layer formed on sa 
substrate in a fountain state. 

6. In a method of manufacturing a semiconductor device comprising the steps of: providing a trench alo 
a wiring scheduled portion of an insulating film formed on a substrate; forming a metal seed layer on th< 
insulating film including said trench; forming a deposit layer of a metal wiring material on said metal se 
layer to bury said trench with the aid of an electrical plating method where said metal seed layer is used 
one electrode and a bidirectional current alternately temporally changing in its flow direction; and 
polishing and removing said deposit layer of the metal wiring material until said insulating film is expos 
to form a buried wiring in said trench, the improvement wherein the method further comprises the steps 

upon forming said buried wiring, 

protruding said deposit layer of the metal wiring material on said trench and on a peripheral area of the 
same into a protruded configuration by first achieving previous process electrical plating until at least sa 
trench is buried using a second plating solution not containing a retarding agent for preventing said met; 
wiring material from adhering to a high current density portion on an exposed surface of said metal seec 
layer or said deposit layer and achieving later process electrical plating using a first plating solution 
containing said retarding agent; and 

polishing and removing said deposit layer until said insulating film is exposed. 

7. A method of manufacturing a semiconductor device according to claim 6 where said electrical plating 
a fountain plating method where said plating solution is sprayed to said metal seed layer formed on said 
substrate in a fountain state. 

8. In a method of manufacturing a semiconductor device comprising the steps of: providing a trench alo 
a wiring scheduled portion of an insulating film formed on a substrate; forming a metal seed layer on th< 
insulating film including said trench; forming a deposit layer of a metal wiring material on said metal se 
layer to bury said trench with the aid of an electrical plating method where said metal seed layer is used 
one electrode; and polishing and removing said deposit layer of the metal wiring material until said 
insulating film is again exposed, the improvement being wherein the method further comprises the steps 

upon forming said buried wiring, 

forming said deposit layer of the metal wiring material on said insulating film with the aid of said electr 
plating method or forming said deposit layer of the metal wiring material on said insulating film with th 
aid of said electrical plating method until at least the trench is completely buried and etching back said 
deposit layer; 

protruding said deposit layer of the metal wiring material on said trench and on a peripheral area of the 
same into a protruded configuration with the aid of electrical plating where a bidirectional current 
alternately temporally changing in its flow direction using a first plating solution containing a retarding 
agent for preventing said metal seed material from adhering to a high current density portion on an 
exposed surface of said metal seed layer or said deposit layer; and 
polishing and removing said deposit layer until said insulating film is removed. 

9. In a method of manufacturing a semiconductor device comprising the steps of: providing a trench alo 
a wiring scheduled portion of an insulating film formed on a substrate; forming a metal seed layer on th< 
insulating film including said trench; forming a deposit layer of a metal wiring material on said metal se 
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layer to bury said trench with the aid of an electrical plating method where said metal seed layer is used 
one electrode; and polishing and removing said deposit layer of the metal wiring material until said 
insulating film is exposed to form a buried wiring in said trench, the improvement being wherein the 
method further comprises the steps of: 
upon forming said buried wiring, 

first forming said deposit layer of the metal wiring material on said insulating film with the aid of said 
electrical plating method until at least the trench is completely buried; or 

forming said deposit layer of the metal wiring material on said insulating film with the aid of said electr; 
plating method until at least the trench is completely buried; and etching back said deposit layer; 
protruding said deposit layer of the metal wiring material on said trench and on a peripheral area of the 
same into a protruded configuration by performing electrical plating where a unidirectional current not 
changing in its flow direction using a second plating solution not containing a retarding agent for 
preventing said metal wiring material from adhering to a high current density portion on an exposed 
surface of said metal seed layer or said deposit layer; and 
polishing and removing said deposit layer until said insulating film is exposed. 
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i mem i ] l *e»s<^iMH^»ffi 

m*r>mmm*m& ixmmzmMzm, m^itzm 
x-mmmn-zztx-. mummzmnb^m^iB^. 

wexsix v^mcnn&zmm-fhzkx', m&w& 

xmmw^th z t wmti-h^mftgiwvmikx 
a. 

mum imamjBUfistn-ti * xmmmt-th zb* 

ti. mii^m^- K«XttltfS*t«Ji<o»aj«ffit:i3»t 
SHLtXUJWJ-r 6W«MA*£*iuO*4.r k *8fSk 

2\ ^<fcu?Eii#stf>&**i.£i-c»u act, ss 

n<35i6i#*s3E5fc:^IBBE{k-t6 2*|pi«a*ii£Lr. 15 

ttj-ri. *-csf«i*4-rs i k mwLt-r&mxm 3 tern 

x, ^ix<r>^-h^mmtLt£^i^w&i^rrm% 

ntmm&Bf8.Lxmm£®)t>t:&. jbalhwra 

xmmmtcthztx\ mimmzm.^mm.^B^. 
th*mfo%&<?>m&%mx'b->x . 
#rie««£*E8 bl 

ffl^-c . *k k t mim*m>b&£ tii txmxmom 



-t&t-cmmis&tt z k &¥fmt-t& ! mfcmE<7)m 

fc»£SW\ mmZ-£ts1tmm<r)±.lz£&i/- h'JISr 
xmm&iith ZbX\ msfflfo t,zM#fe#.8&t:B& 

-rh^m^m^mmumx-h^x . 

*jb wc , ^< k t, irfieai^artjit tih * x-mimo 
m&x-y^zn^. mz. mmtfflmzists&iMv 

iz& *) j.^ ^^a^ Hifie«iw« ^ miE^ii*^aj-r 

S * i k *#Sk -f ft^NI*«!loi!J6 

[ mm. 7 1 *R±K»jft L^^iswffi^^sfi 

x-mtmi-tiztT. mimmzmtb&mmzB&L 
i-z>*mm&<vmik-Kmx'Z> -0 x . 

» < mmtz mi&jmwmmnmm mitt h mmm± 

Ji£»BRU KC. mfiamm^ y^ffi^llJgLT. lute 

mz& Y) ttfhWk. m^m*ma&m}m& 
•tht x-mm&th z burnt •th^mms^m. 
mum. 

[§t#«8] mm±izBfcifzm%m$m : ?%.%& 

MU ^«$ii^^JBE^-KJi$— ^rconifiik-ri. 

x-wimz-ti zbx\ mgmmzMtb&ft.EMtBfiz 
t-r. mE€M^-y Officio. meifiiMS±(cmB^ 
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mmtt®0)imiBZBf&.i. mz. mmm±.<om® 

?«£ftMU mz. mi^-^>?$m*mtzt 

mmamz& o ±tfe>&&t. mmm mmm 
mm&i-z tx-m^mcth z t i^wit 

I M*JS 9 ] 36«Lht»j« ItztrnmcoWMi^U®. 

«§u< -v^mzx mi&mi/-vmco±t,zi&m&& 
mAcommm i x mam m. i t:m 

x-m&G&t&ztv. mimmzmih^mimmm 
i-^m^mm^mmumx'h -> x . 
«te«*>&*i» & is - 
t-r. mexxj v*miz±<o, m&mm±izmmt 
mm&tt®cDtmmm<m&i. hz^a. maw* 
x y*mz±>o. m9&mm±izmi&mE&tt®c?>m 
mm Lfca . x «,+ v 7 ? l r»v *t«* t 

U 

mE^E^- vrnxammmm^tmrnizti 
whmmm&^^mzn^hmi&mimtmcott 

m^x , sihoko « *^stcB#ia^bt & 2 #iaj*ie£ 

mzmzmi. mmmz-£ts®m®e>±iz-&mis-m 
m&t, m^ixtztmm^-vm^-ifcommtt 

*x-m®m;-r&zkx\ mimnzmtty&mimm 
m-h^mwm.commmx'h->x . 

^£PI±X(iJWJ-t 4 JWHflS:** Sr^SS 2 <r>* ••/ 



[»*js 1 1 ] mim&* v*mi. mib* y^?ssr 
ciR*wtt6«aLx y*mx'$>&ztzmit-rhm$ 
m. 

[000 1] 
[0002] 

fts*i*cffv\ Wkco$>mttrfm>htix£x^h. 
zo£o%mMTx\ mm. #m#ms.tzm.ztitz. 
Tmffim®v>±.izTmmm*Bi8.L. -e^Tiien 
zm^xmmmmmtmth t^ox? «r«^Ku. 

zcDtmcomfkZ&'g *) &< msL-t & z t tfT^mt * 
m t-c znmmi^ ma- h z t mhtix # xm . 

[0003] WT. H9&lfEll 0^#bblt, fi!*co 

( a ) lZijk-f£ 0lZ, y'j3 >-S^ 1 1 <7)±tC^ D 3 y 

izy^hUi^Xhl 3SrMfliL, 7^M>V^77-f- 

*12t, »SW0. 5Mm. i0. 3-10Mm.ia 
RIB&0. 5^m«0?ll 4-1, 14-2. 14-3. 

14-n£BfcfZ>, ZCV&. H0 ( b ) t^ttJ: 
die. 7*M/y^M 3$:I^*L, ^y^;L- (Ta) 
iPttt* 'J T« 1 5 *m 1 4 - 1 ~- 1 4 - n |*]<75liffi 

»a 'j rm 15 ±.<r)±mzm>— vm 1 6 zm&th . 



(4) 



im^-l 1-238703 



&t-thvm*v mi4- 1— 14-nrt 
smimvmM* v*mi 7 mm- mz. hi 

0(d) IZxk-f* olZ. tt&W®fflmm (CMP : Ch 
emical andMechanical Polishing) StiD. ffib< v* 

m 1 7 tfj&fS&tdz.i/v 3 ymm 1 1 o^sa^Jiiaig 

SSffitl 2*«aajf64TBf»L. «14-l-14-n 
tf)rt«5t:<0»fl^ 7*117 £»LT*fi6i£*Ejt! 1 8 

[00 04] ZZX\ HI 1«:#SUT. JbfB09 

6. Hi Hi. "SaLX-y^^ao-MoJWflDSHT-* 
6. i^»7*gt2i(i Riafc^tidt. S3 
(Cu") «^m$tiTv^><y*jK2 2»-at 
$%i-mpiffiftcr>*v*m23t. ^-/df«2 3rt(c 

CSsSiTX:P3fBf«<»)i«aWr-y7 , 24k. "taw? 7" 2 4 

2 5 1 . 7724 OJg®#>£> ^cD+r&gfl 
±*^^PLTV^^-y^*Jiifflc0Dtai« : 2 6t. > 
7*i2 3«l£ffi*^1trttC^PLT^S^ -y*?g2 2 
^aj*2 7t«rflli-cv^. H^LTJiv^ 

^ -/dfit 2 3<r>ymz\zxvv't* -,*m.9v9 

tmthix. Z<r)#>7lzi. *)X-,*m22-hK 
m?>7frt>m&'g 2 6SrMLT«jfo!/ •yT2 4rt(C« 
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y ^yiSli (ffl>—H«l 6) ffllSrft (-) t-t 
&Br^«E*9UDLT«S£^aL» *-y*»2 
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T y 'J a y«S 1 1 £@®K 2 5 frW-f. ZWXolZ 

i x mfeotmizm* 7*117 &tm zittusyay 
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%m.2 Hi. «a^ yr2 4^jEom®t LTfflOT^ 

S-iSftT. cft(ciBot;JI£EpflnU 1^772 41 
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HI 3^-fJ: 9^, IB. StxStffiltfO^ffc 

B&Tie^ffl^ y*«l 7Sr»TV^S. 
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1 0 0 1 6 ] 4fc. «*JB5Ea<0»Htt, »R±fc# 
^_ KiSr-^r<o«® tlx. SEflcDfi * iWRCfl: L 

- vmv±.iz&mmmAntmmzB&Lx±mmt: 
mmmtmsrt-i t x-mmzti ztx\ jjaurt 

- HlX{i±E«8Wio«a5Sliiifc:Jstt4*a«fiS^K 

■T4flisijs>i2r^^ i -y^mzm^x . 'J?< 1 1 

JJEill*WAa4*i4 4T'fiXSO«^^ -y 4f 

is^mm^ •/ ^2:1? o a t x\ ix&msmmm. 
mm & . ±.tmmz ommmx'smz& o ±* J -o^ 

[ 0 0 1 7 ] ifc. H«ii6Ea<0j«H{i. s«±ic?e 
VilBtfiKK^RHJ-T 6 4 T'Wei^^t S i t X\ JJE 

±iea«>a»e«*»jS't*iR. ±ie^js 

fc i*±iimmfr&iix&iX'ffixn<?)WS.* 
iScomm^ -y Srff 3 £ t T\ ±IE^SEI?tt^c0tt 

±.iffim'Z(r>ffimm®x'{hmz& o±* { ^^ 

-tzztztrntLx^z. 

i o o 1 8 ] ttz. msmnffiomii. mm±.m 

fcLKtmrnfomiTSMmzmzmi. ±iE»^#tr 

vmi-iwwmt-f&vsi.* y*mz£*) . jje 

IE^ £«*>fcflL fM L^±IE^)Si«S«fiOtt«l & 

Bt^jjaiftawj&fitaj-r «-4TW«H8*-r* - 1 ± 

izm. ±.im#>&z-s&ZBf$.tm. t-r. ±sat 
mm.m.m>d%. 'j?%<t{>mmm<mmz± 
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[0019]**:, IS^8E«(7)^(i. fflK-Lfc# 
BHfc*ftfcfiL ffMUc±E&JSi£&1W^itfiS$r 

caw. ±iai*w&*fSfc*»jiW-siiL -tie* 

SIX -y ^ffifciO. ±iBft»iU:C±iBA«i!«*rfiO 
CWf & x -y f- y ^ Z fflihf 6 *: * tf> "7 * 7 S £ 

[ o o 2 o ] iti. m&9§2Bt0%?m*. mmnzrn 
fcitzm%m<v%L&i-jz®mzm$:m. ±smi*tt 

mfummm^&irhzx-mmmk-fhz\tx\ ± 
±£.tm&frw&£BtfL-?&m~ *-r. job* 
**1£5»<jbisu iiem^ y^a^J; 

fc». x-yf-y^y^y^L-CfSv^ttaitL. _L 

k&b y- Hsx(±±istt*«<7)^aj*ffltcte(ts «s 

ximm-thnumz^Ltzm 1 -y >t . 
firjxcr>\ft$tfxEt>zmffl%itt& 2^-m.zmtm% 

AMI, fcWWIlOEtt^attKai £ IS ft, JJffi* * * 
tt^eHK^iCAJBi— FJifcJMEU ^J£$ft*:l££ 

HBo±(c&iSH»tm<0«l«B*}Ba ix 

jjki *«*>*:». »*Lfc±E&«s««swm«i 



Sfcfiso. ±iBirta*sa^}B«i-6is. *-r, -tie 

Lfcf*, X y^-y^N' y^LT?|U«l«lfcL. 

T . atfwoW&jWISBSMkU*^ 1 #l<WBKS:a*«a 

*-y**fiozkx\ ±Mi&mmtmmnmt:. ± 
[0 0 22] ttz. mim 1 1 immmt. mm 1 

TbM 1 0 tf) t vf tifr 1 (clBK^^^ft^loKJt^jSi: 
±IE*^-yJfS(i. ±ie^-y^f?glr±E«± 

S «8tx -y ffi"C» SitSrltatLTV^. 
[00231 

ffmnkffmi&iz^xwmti . mmimmmzm^x 

OSl^MfN 

a i at/ia 2 u . i <?>w%<rt& i latwcft * 

nwiW)ftR*wttht&><rmx\ m$&* -/^iz 
3stt&m&n#f^mi^iW8mx-fo&. zcomco^ 

k*$<m%Z>kZ*>lZ. (b^!3 7a. 3 
7b<7)lt«(C$>/iO. 03(C^-fct3t- ?1 1 4 - 1 - 
1 4 - n ftii^ ixi. 4 t'ti . -^|til^Stt<OB:?Tt 
HS£ ( ifjx^m £ tf&f$mtL%\> ^ 1 * ) S-S-t 
dfctcj; 0 ^ffi^Bg^-ffi^li^ - y Jf 1 ZmtiL L , ?1 1 4 
-1-1 4-nl*]A < ffltoii4*VCa i £ti. jitSS 
Idm^itt h W$L> WzmSi ( i&fxofi # t 
^SBBfftt6 2*l6ima) $:?TiLTi«o5^ -y^S-ffV\ 
H2 (d) (CS-fiofc, ii^-y^lSTaS-. M 1 4 
- 1 - 1 4 - n»t/*^fflja«(«t:*ilWK^S«tlt 
« LT 0 ±(f *flW 4 J: a (c IX^Z&X'h 

mm<nm®.&&kn-<m$&wz\m-- 
m^zn ixzmmz'-m-fh. 
[0024] z^mco^m^mm^mmumzmm-fh 

Wi, t-f. 01(a) iztp-rXotz, i-'Jnymmi 
1 tf)± t«aie»ll 1 25r^KL. * <y)±co^lS(c 7 * 

1 2«si!f«»fii:. m 1 4 - 1 - 1 

4 - n ZBtittZ , I§10 ( b ) IZin-f X 0 IZ, 

7thL-y'XH3JliU AUTJll 5Sr»14- 
1-14- nrt<7)(B|ffit)SfflSt>'SHI6^K 1 2 ±<7)£ 
lScm^L. y<«JT«l 5Jbo£Wcff!>'-KJIl 6S- 
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mm-h. zztx-a. mLtzft&^wmjmmn 

[0025] m>— H«l 6<7)B&L£®lky<) 

nyssiu. lai l^tm^a-y^mm 1 com 

^2 50Tffi2 5a{cH^L. :KDH5t«2 5 y 
*$2 2c7)?gffi*^l^±^c7)Bfr^aM(C7)<¥tcES 
U «ffi^-y7-2 4^-^«Stt, tk. yOay 
*«1 1 (iiv-h"«16) ZffcfiWMt LX , ■lO 

^v^>r^f^l!)$-«-Ti«ai i f 2 6J:0^'y^?S22Sr 

ptai^^Ep^iac^'j^ya^i io«ffl«#i't 

It. iflv-KSl 6cO±(c^v^«3 7aSrli«§it 
6. 0f^B#S^Sf*. * v*W.2 2c7)miii$:&±imm 
£Ttf\ H^2 5S:^ x^»23*^]R0tilLv , J3 
V*«l lSrH^2 5*^^-r. 

[0026] z^mxn. •■; z-mcotmu. &my 

-HI 1 6*?MX •y^rl 1 7 ^fS&SlffiCfcft & 

wj-t & mimx 9 <^ -y ( » 1 -y * 

unfix o t ^i»^T'a»)Wic«a«]So«v ^m-co;* 
■/*m%tfm<tc&£oiz?c-?x^z>. tkw->x. - 
■H^w&.m&mmm z t k «* o nawpaft 

iB^-/df«com^f#l»„ -f H3fc**-J:3 
Sil4-l~14-nF«g*siii6a^ixS^t-<0ffI 

a*-y*£ff9. iiitiO, 01(c) t^fia 
liatttSK 1 2±fc. « 1 4 - 1 - 1 4 - n rtSrtt 

#14. iiTtt. *fflM^*-y*l*»flBStf*fcl<> 

fl^A & iWE*T4^C . »rt<*>8W>ii*JIfc: #4 

(fL) <y)ISPS?tf)#£$r< 1*4 FoMSBfcfr&IJflnS 
(?L) «"CUU «*>*«a&K#. &m "3tWP»<0^r 
i:^ ) Wf-Amt^:^^^ 
[00 2 7] Zcr)'&. Xv*W&W->i:®*)*tX 
1 4 - 1 ~ 1 4 - n fttfMlfrjLttlXfrbW&lMiZto 

ira* mtz t "ewm&<7)X\> ^mmz x<o§><m*y 

Lfc^T, 01(c) (C^-fct^^ 



JBttm* 1 3 7 a*»*«$*lfc«tt. » 1 4 - 1 

- 1 4 - n ux*<r>m<r)jmtfm®imm 1 2 ±co*b<ok 

* •? . Zfffo 14-1-14- n±»T»0itW 
ZtUz£>). 02 (d) ^-fiaiC, 

at 1 4 - 1 ~ 1 4 - n mf%<nffi&m&x'%ti\;M(nm 
mzmLxamzm±.tf-it:Bft<r)m* v*m3 1 
btfimztiz. ttth-h. znwzfthixhCMPm 
izx&^&'fwmvmz, mmmmzimixmrnu 

Mz£*)ff<BtflZtil. 

[00 28] mz. 12 (e) Izm-XdiZ, CMPffi 

zm^xm^mmi 2tfmiti?zzx'mx «y**3 7 

4-l~-14-nftmz<7>&-m*y*m37ZmiXM 

mmt%*). t< visyrtfm-t&ztti*^. 

[00 29] Ur**->T. C<?50!wfl|«t:J:Wf, IS 

fr&tstmzmmtmwLttztmi. tn&me.wa.it 
mmzmtxMiib&frE&zBf&thmiz. io-y 3 

y^f -f -y 5/ > ?<7)%± *9m?lZk ifiV & . EHIS 

■km. 3t t xs^ffitt^^bt 4 uses <^««<?)«»j 
tj. t 2 {±. «io»iartcR€sn«. ztat. n&i 

XL&o&tffohfrhX'foh* £k. WW AW) 
f-^ffll 2 (i0. 8~1. 2A/dm!(: > ftcOBSE^ 
Sffl 1 1 mflE.<7)> *)VAW&<T> t ^ ffl 1 3 li » 1 2 
l/2CRj£3fiS. ^rfc. Z<r>mv$mmtLX . X 

[0030] om2mmm 

*i*tc*jJt6*8j<»5i*iaa»*^ttt«aT**. zn 
mmmfc : m.<r)Wk-nw&>. mwmntix (0 

1. 2SV03#K) i:**<H*4ti*li. »14 

- 1 - 1 4 - n rt3&«ay>ai<t6 txiztfit* v 

^<^-y**a^jS-C*4. ttchib. $514-1-14 

- nrt*»s«>a*<xt4 , c<ofrist:i3^T{i» 04 

^•tidtw. — snftiosttoftwaa/^^ita (an 

<0|6|**<«HBB!Hkt'flr^ 1 5raLTWsl^ -y 

JfS-ffp. Cix(c<j:9. 01 (c ) (c^-r«kd(C IS 
^Kl 2±(C. ?8l4-l-14-nrt^a^atJi: 

mz$m&m-m%m* -v*m3i a*>'ttw$n4. 
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[0031] zwm. a y^wiw-yzwomix 

vm* -y ail 4 -1-1 4- n 

*SLTiBSS^-y^&ffa. ZKizX"). 02 (d) t,z 

otc.jti4-i~i4 - nmfznffismwx' 

;<-ydfJ13 7b#it«£ixl>. Ufc**->T. .KOfflOfif 

j&tc «t *u*, as i mmmizh ^xiMitit *mwsa> 
mzn&zttfx'zz. zzx\ EUt^Lfcaoiss 

t- ? ffl 1 2 <t 0 izlkfe £ ft S . 

[0 0 3 2]O^3HSI^ 

*mzm&m.ffin%ma&z*t%ffifflx'$>&. z<n 

K 2&J/03) fc*#<#l3:l>fc^«i. ±KP»ffl 

j: v*w<9->0)W)m£mi>m%-r>x 
z<m&. wmtfzi]\ -iifirtm.(ow.ms8ii:fiLi 

tzcr>X'lMBJ)^&)-lz%0 . #4 FOfBtfc.k'/XU 

■f&. zzx\ sEwwxmmi. mwB&<r)^ffif>k 

[0033] -ftch*>^ 311 4 - 1 — 1 4 - nfWStf) 

it. a* t tstt^kf h wz-gmft tx 

W3L*v*Z?fo. ZtLtzX*). 01 (c)lz^tXd 
fc, ElSllgli&l 2±C. 3J14-l-14-n|*j£ffl 

[0 0 34] d<0f£, >-y4f«a^^-ySrflI l 3#iT 
*iSLX-y*£8K**. "f 311 4-1-1 4 -n 

«k sc. -*i&i«)«t<oftoaaKS[«-iaLTisa[^ * 

^•JttfWi. Lttfot. ill (c) iZTfcfXoZM 

ftx-m* -y^ms7 atftmztikMi^ mi 4 - 1- 

1 4 - n&COtf!OKBft<flia«8K 1 2±M<V*MZ 



< & 9 . £ ?>3ll 4 - 1 - 1 4 - n±&T'Sl<y)tfM»# 

-IftfcriO, 02 (d ) fcSfrtiSfc, «1 
4 - 1 - 1 4 - n&tf -taJKZMWTt tiglttOMMc 
ttJRLTflttfcSOi^ofc^coffl^ -y^«3 7 b# 

[0035] Ltitf->x. z<nm<7Mmzs.ti\$. mi 

SttWU) ±a L fc t B&|Sl«co^*^t# Sit #x- 
%h. ZZX\ 05Cfcttl>. II. atxststt^ 

(ciss$ix-&. zti\±. i ommt^tmm&cr,^ 
v ^aj»tnt» Lfc^-^BA^afa^Bv sterns 
LtzmzziifziotmizM* -^mmwp&h^ 
xLS.o&fthkfrhX'kh. 
[00 36] <MA%mm 

@6<i. z<?m^ftzw%?htz#><rmx'. ms&v 
*mz&iim^mmm^-fmBmxfoz>. z<r> 

'v*%.w*?-yimo&x'hh. -t* 

i5^>. SI 1 4 - 1 — 1 4-n|^*i"Jli6ji^ilS^T'C75B? 

ttco^-fb-t mfiZ' WX%g&9L LX»mx -y 
3. iix(c±0. 01 (c) (c^-tidtc. *ra^H 
1 2±fc, «14-l~14-nrt^a*atfi:ftfc:^ 
IWIW -y*JB3 7 a 
[0 0 37] icOf^ ^ ydfm^^-y^tTJOS^T 
"SStX-/**«ft5. -f^*>. 3114-1-1 4-n 

SfcX-y*£ff5. iiltiD. 02 (d) t^-Ti^ 
K, 31 1 4 - 1-1 4 - n&tf*<9jf fflflWC«ll2W> 

3 7b***tSt$it5. Ltzifi^X. Zcr>m<D ffimzi.il 
[00 38] 0^5HS£CT 

(Ik 2&t^03) h^fKJi&^^ii. mm 

ifiWCIi^ y^^aaSr-^i: LTfc-^^ •y**^ 
^->$rtj) 0Si.Tffl^ y^f ■<0fi'3±H'JfS&ffoT 

LTfe^^ -ydrjg^aa^^iTffl^ y^f«<OS0±»f 

fflt?>n<7>mftm^iin<omfo'vi>zwfct:tfLixt5 

< ( 0 3x«i04 cs-rai^aftaifts t wts^ 

^-yT'^l.) . -eLT. 3114-1 — 14- nW« 
tb&til&tX'ViffiTm.tz&^XI.i. M|IRX9^ y 

?g2 2<ijfpffllPJA i Ao T ^4tf)-ce»Wt:«8S*«OS 
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[0039] ZWk. ffi 1 4 - 1 - 1 4 - nflfr'ilrtjA 
^fLT*^c7)f*Igt*>^Tti. y Jf?S2 2 2-Jfp$i]3 , l 
^AoTV^l^Wye^TnftS^ y^Sr^tl,. i 

mmk-th. Ltz¥->x. hi (c) c^-r*?^ 
«t-b^ 7^3 7 afrmmztifdm. at 1 4 - 1~ 
1 4 - n&T<vM<nmmtimr3®.&m i 2±<7)^fit« 

& 9 , 1 4 - 1 - 1 4 - n±g|5T'fflc0ifi«**^ 

<%h. ifLlCiO. 02 (d) tC^-T J: o fc % $ 1 4 
- 1 ~~ 1 4 - nB:U f ^cOliljafi«T''enWh^^t]:t 
® LT 0 ±# -> tzm$.<?)m* 7Jfl3 7b tfift 

mc&^xm itz mnm<?)®w.z'&b z t vx-z 

[004 0] 0^6H)5S(yiJ 

mmiZ . * y \°? - y *r-5t £: LT # * -y =>r?l 

A^-y^otv>S. St. If. 

5(cffitt^^(tt h ^ Nv^ms^r a l x a < < 0 5 

Xt±0 6 Kjfrtil #il£>ji £ ix h £ X'OWfi' < 9-vX 
fc* ) . *LT. »1 4 - 1 — 1 4 - n fttf®tb&£tl 
ZtX^mTmizm^Xli. miMwA^X^fa^ ■■/ 

^mzm^xmn* ■yz-ZTf -J. znm-s. lEWlA 

( c ) typ-r J; 3 c. JfP«gf6»l 1 2±C. » 1 4 - 1 

~i4 -nftzmih&tit&tizmmww-mKcmx 

M3 7 aL#mi$tL&. 

[004 1 ] Zcom. ffi 1 4 - 1 ~ 1 4 - n#atf>2»£ 
ixTA^waiStCfc^Tti, * 7^«2 25rWIJi|A 

•y^^wo^TisaE^ y^^^t^. ie<d 

bx^mm-z t x\ ■®&®$Lcom^imx'j: <o%< 
m*-y*mtfmmtz>. itztfix. 01 (o tz^t 
xozmtx-mx v*m3 1 atfmshfcftu. » 1 
4 - 1 ~ 1 4 - n mx^m^witm^mm. 1 2 ±«o 

. i«» 1 4 - 1 - 1 4 - niSSTfflOlt 

dftCJ: 9 , 02 (d) (cjjcfj:? 
C, ffi 1 4 - 1~ 1 4 - natf*OJWfliB^*flfcW 

«««tit« tx amz% 0 ±3»»->fc»«flDiix -y 

3 7bA<«lfllS<t6. Lfc^oT. dOUH^Wfltt; 



tf. IBllOtfflfcti^T±aLfci:«Pia<03»»*ftS 

[0042] 0^7Hife(y11 

* XSHSBriBaTft 6 . C OPII^^f^H^s 
JKTffitfD, *lHtt0l<O-t*l. (11. 2&1/03) b± 

&xoiz Ltz&x'hh . zmo*mm&co®mm 

Zmmt&lzii^ y'jnyltl 10±fc«IBBfeBRl 
2£jgj£U -e«7)±<7)^:WlC7^ hU-^'Xb 1 3^» 
LTl^'Xb/^-ySrl^U <X(cJ||aN&IIRl2(c 
Sl4-l~14-n$-^t. 7* HUy'XH 3£ 

S 1 6 . i ZiX'it, ±MLtz& 1 HifeCTW 

[0043] mz 07 (a) (C*r*-J:5lc» IHi'-F 

1 1 6 *«»(Rs<tfc >- y 3 >a« 1 1 <T)tw:7 * h u 
xmx. mmt. »i 4-1-1 4-nat^^fflia« 
01 1 izijk-tmfizx 7^fgi2 1 zm\K m^-v 

tfi&lxt&VovWgLl l±t«SlX7**iW. 
f*. y*b\y ; JXb4 3^^*LT. »1 4-1-14 

•yJf!4 7*««MSnflUt«:»ljc-rS (07 ( b ) # 
BR) .St, 12 (e) CSttlSWidt. CM PS 

^ y'jn >-*«*B^we l . mnmz<?>?i.m* -y * 
mmix®th&z-mm$:Bfctz>. tw^x. zn 
wmmz xtiii. % 1 mm,z t$uT±a t asm 

[0044] OfS89EMM 

08«i» zcDwncDm8mmmiz<&bmx -y*mtm 
mmthxwmm^hi. z^m^mim^co 
mmm?) . s 1 mmm^ti (01.2 at^0 3 > t 

tf fc « izmmm^is. %mx -y^mztmudk. m%. 
xf*<nmmw>mx ■yz-mziiix-?*? zmfoL. 
ffiWwmmmtmmztmztLtimx v *mzm< 
thztizXix. , »au f -e<r>sias*cfl*Ktf , 3 

[004 53 ^<7)M^^ft^SOSii^2:»St^ 

tcti . jy'j 3 >s« 1 1 <r,±.^m^mm 1 2 tms. 

^h/^->*«jSL. %t:)||Slt&ttiBll 2<0S»^ 
SffitC . i* 1 4 - 1 - 1 4 - n ZBfc-th. ZffXk. y 
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*M/y'XM3JiiL. ^OTmi 5*8114-1 

- 1 4 - n rtcoroiffit mRumfflimm i 2 ±<o£& 
fctfct u Ay rm 1 5±^«^ffl^- ki 1 6 m 

r*&CJ:9. »1 4-1-1 4-n|*i£Stf>&tfi:ft 

(clISt&BR 1 2 Jico^t ^EffltcH -5 x mstftwrn: 

mt-v^mntmkth. zztx-it. i&btzm: 
?>wkmJimt®mm.T'foz>. mz. us (a) iz^tx 

0 lz . SBWffl^ y l 7 fifc ^ U 

* h y v??y < -tmzm^mft. smu an 4 - 

1 - 1 4 - n&i^-e<?)Sja«nssu£i^7 * m^v* h 

5 3£Rfc£U aH4-l~14-nay^c0^j22ffi« 
[0046) Mz, ±M\s : J*Vrt?-yZ-?x9 kt 

xm* v*mi 7<nmtami^ y^y^ixm< u 

1^7* M-^Xh5 3*^*LTail4-l~14 

- n Rvznmmm®xm;izm±j) i '>t:jmf;<7)m* 
■y*m 1 itftmztiffimzmm-& mm ( b > # 

SI) . 02 (e) (c^-figtfOj: d (C, CMP£ 
^ffi^TWatttWRaWtfrt *> * >y 

ixfc > 'j 3 ymwLUkmmm t , -y * 

0^>ffii£(c j:fuf . m 1 satwcfcir vr ±a itz t 
wmizmmztimtiix^&m* v*m*B<-r&z 

kit. ±Mcn>^-,^yy[:M(n-Hmz£-oX'ft~>Xh& 

[0047] om9mtm\ 

(11. 23OT3) t*£<g&.&i:.r^{j:, illSK 
fiMLtfc. ffiftZMiib&tttmzmffi&VWMZm* 

*mzimttz&. m* y^m^m^-y^y^^-/ 

> -y * JM&WI < =fir 6 «fc ^ fc&fr -eUta.* y * £ff << \ 

ai&t/-ecojsja^T'£i*(cs 0 ±#-> ^jg«<^H^ y 
&mm.cr>wmitm $ mwt h tat . ^(cn^ l t « 

izmy-i i iB£Bi8.t&. mz. zcvm^-vrnzmm 
t-thw&* -y^mzi: v . mn&wb&ttk&tzmia 
&m±ttmtfwm:mxv*mt:timt&. zz 
ix-ii. ±.&Ltzfe*<?>mmjimt®®mx'hz>. 

[0 0 48] z<r>'ik. •y*m<r>-k&%x.»/i-yyj< 
y ? L TIBDf < -fh . fttc . TOWIA 0 CO* y 

(03Xj±04(i*-rai* 5 ffl^asnt-*>4><oma[A^ 



OfiSMai L<liftoBaS/'«^S8£ (05XteH6 

titdm. mmm&±.imKxmmtfmwRV 
*<7)mmffl&xi&%&tf&< % *) , iw^tcfl^tcs 

Oi^o^J^O^ y^ffl*«$it?.„ mz. M2 
( e ) iZTfii-XnOX 5 K. CM Pa*fflV^TiirB^ffi^ 

*s«*»«-ts. ifztf^x. zomommzxti 
a, m 1 mumiznK ^ximuz t v&mmnmkmz 

ZttfX'Zh. 
[0049] OmiOHMfiaj 

t, atrtSra^trtft^ffi^nnFffl^^v^* 
MW5r?i< LTV^AJ. ^co^JT'ti, «TOSiK±tc, 
flffllLTt^&jfiiT'**. •t**>^ s z<nmxn. llBNft 

ff*>flfcx 'yf-y/A-y^LTH?;* -y dfl^lRW 

®x'hh<?>x\ Mkmimmi±L%w itz^x. z 
nmommzxtuf. mimmmt,zti^x±.mitzk® 
mmffm&z'&h z t tfxz h . 
[0050] jy±, i<o»%oi«t«^Ha»cj: ^1*^ 
lt * tzt\ mmmmtz nmmmizm e>tii to 

«Odt36*JKTftft. JbjSLJtMTtt. ^-y 

{f^, a. 7}Ui-<yi±mi>&mx$&. ztz. ±&t 
tzmxii. m&v : ^mmm.ma9\-^mmmmm±izm 
*v*mtf*mztiz^£ otcmm±mk ix?* h 

Wxhy^-y^m^X^htK ztitM<7)l><r)*m 

^xi>&\ ae>^ mmm^zm^tmmm 
* y*mzimLtzt£. ®* *y*m<?>±m^ yi-yy 
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mizz^xmR-itixh&u. 

[0051] 

mnmmumizxtm^ ^mm^mi^mmzm^ 
istt. Miz&mRmmi*Mfr&tstmzimm±izm 
stu tcDmmiz^mmwzmbxMfr&frWMZB 

thZttfX'% Z<r>X\ KHf£ft-<7)ei)g£s#>l> Z t 
tfX'Zh. 

[Hi ] zvm<7)mimw\xh&*mfommc?>mm 
mmwt&Tmmwmx'hz . 

[03] mmmmmmzmw-?htz#>(nmx\ 
■v ^mzm^m^mmmm^-mmmx'h h . 

[04] £<O»^JS2^0*^ffl£Sl^*fci^ 

mx'ibi. 

[05] z<mwnm3mmm<nfcmwfttht:#>e> 
mx . m$i* -/ * ■* tts «■ i> mfficommmz ztzttm 
mxhh. 

[06] i<O»BB<O»4iat0*^fflSriinj-r6/iftO 
0T\ y * B#tCfcftl>S8iEOKflSI^S:^-r^ 

mx'$>&. 

[07] i<^Hg<7)^7^MMT'J>l»^^S««jt 

hi. 

[08] ro»iflwjB8iatwr'*6 i i i w«^EBwwa 



i®9] ftm<v*mt*m&vwmimmw-f&mM 
mmxhh. 

[010] ftmmmzmw-f&xmmmffimxhz. 

[011] B&x -y=f IKff<^-M**t«WffijS@-cA 

[012] m&*mfoi&&<mmiTm<7)ftmmpnt 
i,tznbcnmx\ msi* v*mztiVhmffi<7>&ff3MiB£ 
mwrnxh*. 

tftimmx'bi. 

[014] m&^msmM-ffikizmm* * 
[01 53 fiaw^f^a^3t*ffi^fctti»T-f •/ 

1 1 
1 2 

1 4- 1 . 
1 6 

1 7 

2 1 
22 
37. 

38 
4 3 
47 
53 



Jiraffciijgi (fe»R) 

14-2. 14-3. 

IB;* -y*JI 
*SL* -x^f US 
-y^iS 
37a. 37b 



. 1 4- n 



m 



[02] 



[03] 



14-1:8 



14 -3 



37b:5M->*JB 




(c) 



14-1:» 



1-3 14 -n 

L_15:^'JTB 





<-frx*t * 
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[HI] 



[04] 



(a) 



(b) 



14-1* 14-3 1.4 -n / 
14-2/ 14-.. / j 




n 



Mini] 




+- 



14-1;* 14-3 14-n *wffi»a**i44-e *jWs»i&£ftTfr£ 

14-2/ 14-../ >6;Cu->-KS 




■45s* ur* 
-12 

-11 



(d) 



[HI 0] 

18:S#£*ffi® 

1 14 — 

14-1:* 14-3 xo- / ifa 

\14-2 / * 3 y/ 14-n /17^»« 



(c) 14-1:* 14-3 14-n o 

14-2 / 14 — / J3>faim* v *M 




-15^u T* 
-12 

-11 



tM/X 




^15;'<U7JH 
-12;MffltffcR 
-llr>'J3>Ste' 



[01 2] 



[05] 



£ Is 




I**«i6ji±n**r r **Mii6&£nTfr* **«i»i&£n&2? *#Hto&2ti-<:a^ 



[06] 



II II 






III! 


II 




-»lt 


L 



(a) 



(b) 



[HI 3] 



[1114] 



14-i;* 



\\\\\\vw 




BOB* 
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[07] 



[08] 



16:Mi"-KJB 
(a) \ 14-l:» 14-3 



14 -n 43;-7*H/s?xh 



15^*1 7JB 
12;JgRSfeiWS 




14-1* 



14-3 14-n 

14-2 / 14- 14 n 



-llsWiaVSIc 



[09] 

(a) K 
14-1* 14-3 14-n J 



13;7* hl/^N 



14-1* 14-3, , i4_ n 

14-2/ 14— t A?m*r+M 

2^ 




-12 
-11 



^12«raifeBK 



[01 1] 



(b) 14-1* 14-3 14-n 

14-2/ 14-.-/ ^16:0. FJB 

™^ -l5;^ura 
-12 




-Tl 



14-1* 14-3 
14-2/ 



14-n 



17a*jt?*J0 

■IS^JTfl 
42 

-11 




[HI 5] 

19 

14- j*/ f A **, v y 

17^>^*Ji 




^12;BfSS»iB? 



CP 



=2 



